Preliminary standards for the normal orthogonal electrocardiogram and vectorcardiogram were established as a basis for further studies on pathologic series. Schmitt's corrected lead system (SVEC III) was used. The statistical analysis of electrocardiographic and vectorcardiographic data revealed some intrinsic shortcomings of commonly used analytic criteria. As the orthogonal electrocardiogram and vectorcardiogram are interchangeable, inherent advantages and disadvantages of the 2 methods of display could be evaluated in a quantitative fashion.
A PREVIOUS study from this laboratory1 demonstrated in man an enhanced accuracy in the performance of corrected orthogonal electrocardiographic leads as compared to conventional lead systems. In the present investigation, Schmitt' s corrected SVEC III leads2 were applied to 100 normal subjects in order to establish normal standards. Its purpose is to provide at least preliminary data concerning the extent of normal ranges that logically should precede extensive application of the corrected leads to pathologic cases. The results of the present study apply to a great extent also to any other orthogonal lead system with appropriate lead corrections, since it has been shown that the performance of such systems is relatively similar. [1] [2] [3] Scalar and vectorial display was used for the collection of data. Both 
MATERIAL AND METHODS
The SVEC III lead systen2 was applied to 100 normal subjects, 71 of whom were patients admitted to Georgetown University Hospital for reasons other than heart disease. History, physical examination, chest x-ray, and the 12-lead electrocardiogram did not reveal any evidence for past or present heart disease. The remainder of the subjects were members of the housestaff or inedical students without evidence of heart disease. The age and sex distribution of the subjects is shown in table 1.
The scalar leads X, Y, and Z were recorded simultaneously from a cathode-ray oscilloscope with a film speed of 118 mm. per second. Vector loops were photographed in the frontal, right sagittal, and horizontal planes, both by single exposures and on running film. The latter method was used for the identification of time-markings in the vicinity of point E, which are frequently hidden by P and T loops. No measurements were made from these records as the loops become grossly distorted by this method. Due to the previously mentioned difficulties around point E, P loops could not be measured in all subjects.
The electronic characteristics of the recording apparatus have been reported previously.' The reference frame used for measurements of loops is given in figure 1 . Figure 2 shows a representative record. the beginning of QRS to the end. Due to differences in QRS duration, the end of the complex would then fall in different time categories. Time measurements backward from the end of QRS lead to similar discrepancies with measurements started from the QRS onset. In this case, the discrepancy is shifted to the midportion of QRS. The attempt to time the terminal QRS forces was therefore abandoned. A tangent to the terminal part of the QRS loop arising from point E was plotted and its direction measured ( fig. 3 ). This method appeared more satisfactory than the arbitrary choice of a point preceding the end of QRS.
RESULTS
A statistical analysis of the QRS, T, and P loops is given in The main disadvantage of these systems is the weak and variable representation of sagittal forces." 2. 10 Frank's corrected lead systeintl whose performance is very close to the SVEC I1l" 3showed also a relatively small range for maximal QRS vectors in the frontal plane. The range can be al)proximated from the elevation angle of the "QRS plane 1"2 as reported by Seiden. 13 The narrow range for the main direction of the heart 's electromotive forces is surprising, considering the complex muscular structure of this organ. These findings lead to the conelusion that discrepancies between anatomic and electric heart axes must be considerably smaller when corrected instead of conventional electrocardiographic leads are used. Electronic computation of this vector'9 is limited to a few laboratories. The mean of "half-area" vectors from 3 planes has been found to be very close to S A QRS.20 22 As a graphic method, it combines simplicity and accuracy as the resulting vector is common to all planes.
Ranges for
Maximal T vectors were found to be common to all planes almost without exception. This was due to the narrow and peaked configuration of the T loops. The range of maximal T vector directions in the horizontal and sagittal planes was roughly half of that for QRS (table 2) . This relatively small range for the T direction also suggests that the large ranges for maximal QRS vector directions in the sagittal and horizontal planes were due mainly to the inadequacy of the criterion itself.
Planar loop recordings appeared superior to scalar tracings for the determinations of vectors of large amplitude. The electronic integration of different leads greatly inproves the accuracy of angular measurements. Planar vectoreardiography as used in most laboratories at present, however, does not necessarily lead to a spatial evaluation of vectors unless these are carefully identified in all planes.
In view of the uniformity in loop configurations further reductions of normal ranges appear possible. A re-evaluation of commonly used analytic criteria and recording methods seems to be needed in order to decrease many normal ranges. 
